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SUMMARY 
The purpose o f  t h l s  repo r t  I s  t o  present the  St ruc tures  and 
Dynam I c s  D l v l s l o n ' s  research p lans f o r  F Y  1987 and 
accompllshments f o r  F Y  1986. The work under each branch I s  shown 
ay RTR ObJect lves,  F Y  1987 Plans, Approach, Ml lestones,  and F Y  
1986 Accompllshrnents. Loglc cha r t s  show elements o f  research and 
rough r e l a t l o n s h l p  t o  each o ther .  This ln format lon I s  use fu l  I n  
program coord lna t l on  w l t h  other government o rgan lza t lons  I n  areas 
f mutual I n t e r e s t .  
ORGANIZATION 
The Langley Research Center I s  organized by d i r e c t o r a t e s  as shown 
on f i g u r e  1 .  The St ruc tures  D l rec to ra te  Includes S t ruc tu res  and 
Dynamics D i v i s i o n ,  M a t e r l a l s  D l v l s l o n ,  Loads and A e r o e l a s t i c l t y  
D l v i s l o n ,  and. Acoust ics D l v l s i o n .  The S t ruc tu res  and Dynamics 
D i v i s i o n  c o n s l s t s  o f  four branches as shown on f i g u r e  2 .  There 
has been one s l g n l f l c a n t  change I n  the  organ lza t lona l  s t r u c t u r e  
o f  t h e  D l v l s l o n .  M r .  Brant ley R. Hanks was se lec ted  Head, 
S t r u c t u r a l  Dynamics Branch. D r .  La r ry  D. Plnson a l s o  I s  
c u r r e n t l y  Ac t lng  Head, Impact Dynamics Branch. 
FUNCTIONAL STATEMENT 
The D l v l s l o n  conducts a n a l y t i c a l  and experimental research t o  
achieve s t r u c t u r e s  which meet func t lona l  requirements o f  advanced 
atmospheric and space f l l g h t  veh lc les .  Provldes experlmental 
data and a n a l y t l c a l  methods f o r  p r e d l c t l n g  s t resses,  
deformat lons, s t r u c t u r a l  s t rength ,  and dynamic response. 
Inves t i ga tes  l n t e r a c t l o n  o f  s t r u c t u r e  w l t h  p ropu ls ion  and c o n t r o l  
systems, landing dynamics, crash dynamlcs, and r e s u l t i n g  
s t r u c t u r a l  response. Develops and evaluates s t r u c t u r a l  
c o n f l g u r a t l o n s  embodylng new mater ia l  systems and/or advanced 
deslgn concepts f o r  general a p p l l c a t l o n  and f o r  s p e c l f l c  c lasses 
o r  new aerospace veh lc les .  Develops advanced s t r u c t u r a l  ana lys l s  
i 
methods and computer programs. Uses a broad spectrum of test 
facllltles and develops new research techniques. Test facilities 
Include the Structures and Materials Laboratory, Structural 
Dynamics Research Laboratory, Impact Dynamics Research Facility 
and the Alrcraft Landlng Dynamics Faciilty. Data are a l s o  
obtained and analyzed from fllght investigatlons. 
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i i  F A C I L I T I E S  
The St ruc tures  and Dynamics D i v i s i o n  has four major f a c i l i t i e s  t o  
support i t s  research (shown i n  f i g u r e  3). 
The Structures and M a t e r i a l s  Laboratory equipment includes a 
1,200,000 I b  capac i ty  t e s t i n g  machine f o r  t e n s i l e  and 
compressive specimens up t o  6 fee t  wide and 18 fee t  long; lower 
Capacity t e s t i n g  machines o f  300,000, 120,000, 100,000 and 10,000 
i b  capac i ty ;  t o r s i o n  machine o f  approximately 60,000 in .= ib  
capaci ty ;  combined load t e s t i n g  machine; hyd rau l i c  and pneumatic 
p ressu r i za t i on  equipment; and v e r t i c a l  abutment-type backstop f o r  
suppor t ing and/or anchoring large s t r u c t u r a l  t e s t  specimens. 
The impact Dynamics Research F a c l l i t l e s  cons is t  o f  t he  A i r c r a f t  
Landing Dynamics F a c i l i t y  (ALDF) and the  impact Dynamics Research 
F a c i l i t y .  The ALDF cons is t s  o f  a r a i l  system 2,800 f t .  long x 30 
f t .  wide, a 2 . 0  Mibs. t h r u s t  propuls ion system, a t e s t  ca r r i age  
capable o f  approximately 220 knots,  and an arrestment system. A 
wide v a r i e t y  of runway surface cond i t ions ,  ranging from d ry  and 
f looded concrete o r  asphal t  t o  s o l i d  Ice, can be dup l ica ted  i n  
the  t r a c k  t e s t  sec t ion .  I n  add i t i on ,  unprepared surfaces such as 
c l a y  o r  sod can be i n s t a i l e d  f o r  t e s t s  t o  p rov ide  data on 
a i r c r a f t  off-runway operat ions.  
The impact Dynamics Research F a c i l i t y  I s  capable o f  crash t e s t i n g  
f u l l - s c a l e  general a v i a t i o n  a i r c r a f t  and h e l i c o p t e r s  under 
c o n t r o l l e d  condi t ions.  Simulat ion I s  accomplished by swinging 
the  a i r c r a f t  by cables, penduium-style, i n t o  the  ground from an 
A-frame s t r u c t u r e  approximately 400 f t .  long x 240 f t .  h igh.  A 
V e r t i c a l  Test Apparatus i s  attached t o  one leg o f  the  A-frame f o r  
d rop- tes t ing  s t r u c t u r a l  components. 
The S t r u c t u r a l  Dynamics Research Laboratory i s  designed f o r  
c a r r y i n g  ou t  research on spacecraf t  and a i r c r a f t  s t ruc tu res ,  
equipment, and m a t e r i a l s  under var ious environmental cond i t ions ,  
inc lud ing  v i b r a t i o n ,  shock, acce le ra t ion ,  thermal and vacuum. 
Equipment i n  the laboratory  Includes a 55 - f t .  ( i n s i d e  diameter) 
thermal vacuum chamber w i t h  a removable 5-tOn crane, a f i a t  f l o o r  
70 f e e t  from the dome peak, and w h i r l  tab les .  
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I l l  IMPACT DYNAMICS BRANCH 
RTR 505-63-11-06 Composite Crash Dynamics 
OBJECTIVE: 
T o  o b t a l n  a b e t t e r  understandlng o f  response c h a r a c t e r l s t l c s  
o f  gener lc composlte components subjected t o  crash loading 
cond l t l ons .  
F Y  1987 PLANS: 
o Conduct 
Impacts 
o Conduct 
frames, 
o l n l t l a t  
i mpac t 
o Develop 
o Support 
APPROACH: 
I n  F Y  1987 
a n a l y t l c a l  s tud les o f  var lous t ranspor t  crash 
var lous  s t a t i c  and dynamic t e s t s  o f  composlte 
subf loors ,  and energy absorber concepts 
t e s t s  a 
oads 
ana I ys I s 
f u l  I-sca 
the  maln 
d anaiys ls  o f  sca le model beams under 
t o o l s  f o r  composlte crash dynamlcs 
e crash t e s t s  o f  ACAP he l l coDte rs  
focus w l l !  be developing a data base and 
l n s l g h t s  on behavlor o f  composlte components t o  crash load- 
ings.  Develop In-house tes t  method, procedures, and 
apparatus t o  conduct s t a t i c  and dynamic comblned bending 
and a x l a l  toadlng t e s t s  on representa t lve  composite s t ruc -  
t u r a l  elements. Assess Impact data t o  evaluate e f f e c t  o f  
comblned a x i a l  and bending loads on g lobal  response, 
s t l f f n e s s  and res ldua l  s t rength a f t e r  f a l l u r e  and develop 
new a n a l y t l c a l  techniques t o  p r e d i c t  both g loba l  and local  
responses. I n s t a l l  these new a lgor l thms on Computatlonal 
S t r u c t u r a l  Mechanlcs software testbed. Support lve contrac- 
t u a l  e f f o r t s  w l l l  be used main ly  t o  f a b r i c a t e  composlte 
components r e q u l r l n g  special t o o l l n g .  
MILESTONES: 
o Conduct metal subf loor  water drop t e s t s ,  November 1986 
o Conduct s c a l i n g  s tud ies on var lous composlte beams, 
November 1986 
o Procure gener lc fuselage s h e l l s  from Beech A l r c r a f t  and 
p lan  f u l l - s c a l e  crash t e s t  m a t r l x  
11 
o Perform nonsymmetric ana lys i s  o f  C I D  us ing  updated 
Boelng model, January 1987 
o Develop Analys is  f o r  p r e d l c t l n g  sca le  beam response t o  
crash loads, January 1987 
OBJECTIVE:  
Advance the technology f o r  safe,  economical a l l -weather  
a i r c r a f t  ground operat ions inc lud ing  the  development o f  
new landlng gear systems. 
F Y  1987 PLANS: 
o Contlnue development o f  t i r e  contac t  a lgor l thms 
o Develop data base on r a d l a l  and b l a s  p l y  a l r c r a f t  t i r e s  
o Demonstrate a c t i v e  c o n t r o l  landing gear technology 
o Develop f r l c t l o n  and wear models f o r  S h u t t l e  main gear 
t I r e s  
o Examine t i r e  technology requirements f o r  Nat iona l  Aero- 
space Plane (NASP) 
- 
o Develop i n t e r s e c t i o n  and crush i n i t i a t o r  concepts f o r  
energy absorbing composite subf loors ,  March 1987 
o i n l t l a t e  s t a t i c  t e s t i n g  and dynamic t e s t i n g  o f  l n t e r -  
sec t lon  and crush i n i t i a t o r  concepts, September 1987 
F Y  1986 ACCOMPLISHMENTS: 
o Publlshed 7 papers on C I D  experiments 
o Fabr lcated sca le  beam specimens 
o Defined benchmark dynamlc problems f o r  scaled composite 
s tud  I es 
o Conducted t e s t s  and ana lys i s  on I n i t i a l  composlte frames 
o Publlshed summary paper on G / A  seat research conducted 
I 
a t  Langley Research Center 
RTR 505-63-41-02 A i r c r a f t  Landlng Dynamics I 
12 
APPROACH: 
In FY 1987 the main focus wlil be deveioplng high-speed 
frlctlonal and mechanical property data base in support of 
Industry and Shuttle landlng operatlons. Coordlnate In- 
house research, grants, and contracts with U . S .  tlre 
industry experlmental effort to carry out National Tire 
Modeling Program. Conduct detailed studies of forces and 
moments In statlc and roiilng tire footprlnts. Develop 
algorlthms for tlre contact to include friction and roiling 
tire footprlnts. Develop algorithms for tire contact to 
include frlctlon and roiilng effects for National Tlre 
Modeling Program and install these algorithms on Computa- 
tlonal Structural Mechanics software testbed. Develop 
experlmentai methods for measurlng materlal properties of 
tire constltuents. Define ratlonai tlre wear crosswind 
limits for Space Shuttle Orbiter. Obtain frlctlonal and 
mechanical property data on type H and radial ply alrcraft 
tires. 
MILESTONES: 
o Present paper on water spray Ingestion at SAE AeroTech 
'86 Meetlng, October 1986 
o Publish paper on Space Shuttle Orblter cornerlng and 
spln-up wear characteristics, December 1986 
o Publish paper on tire contact algorithms, December 1986 
o Conduct close range photogrammetry measurements of 
Shuttle nose gear tire deformatlons, February 1987 
o Conduct track studles of F-4 raidal tlres, March 1987 
o Publlsh reports on NASAIFAA tlre tractlon program, 
March 1987 
o Measure forces and moments in rolllng tlre footprlnts, 
June 1987 
FY 1986 ACCOMPLISHMENTS: 
o Phase I Shuttle spin-up wear and cornerlng test completed 
and crew trainlng simulators updated 
0 Paper on tl i t  steering presented at AeroTech '85 Meeting 
o NASAIFAA snow and Ice tests completed wlth 8-727 
13 
o Session on Tire Modeling at Tire Society Meetlng heavily 
supported by National Tire Modellng Program participants 
o Completed spray ingestion tests on G/A nose gear tire 
14 
I V  STRUCTURAL CONCEPTS BRANCH 
15 
cn 
W 
3 c 
c) 
3 
U c eo 
W 
c) 
a cn 
P 
W 
c) z 
> 
4 
a 
a 
a 
n 
W 
-I m a 
> 
0 
J 
a 
W 
n 
- 
m - 
W 
I- 
-I 
W 
I 
v, 
W 
J 
Q > 
0 
-1 a 
w 
m 
n 
- 
F 
1 
m 
Ln 
3 
01 
I- 
z 
Q 
I- z 
0 
3 
0 
I 
m 
n 
Y 
W 
-1 
Q 
I- 
O 
W 
E 
W 
m 
v, 
w cz 
3 
I- 
O 
3 
CY 
I- 
Ln 
m 
W 
z 
E: 
I- 
o 
Y 
c 
Y Y  
16 
IV STRUCTURAL CONCEPTS BRANCH 
RTR 506-43-41-02 Advanced Space S t ruc tu res  Concepts 
OBJECTIVE: 
Develop deployable and erec tab le  s t r u c t u r a l  concepts and 
associated design technology fo r  antenna and r e f l e c t o r  
s t r u c t u r e s  and f o r  Space Sta t ion .  
F Y  1987 PLANS: 
o 3 rd  generat ion j o i n t  des 
o Conceive MRMS fo r  operat 
on and eva lua t ion  
sur faces 
o Develop space s t a t i o n  cons t ruc t ion  scenar io  
gn, f a b r l c a t  
on on curved 
o Develop r e f l e c t o r  t russ  cons t ruc t i on  scenar io  
o Continue t o  support Mast program 
o Continue deployable r e f l e c t o r  t r u s s  study 
o Develop deployable she l te r  
APPROACH : 
I n  F Y  1987 a maJor mi lestone w i l l  be the  complet ion o f  a 
ground t e s t  Mobi le  Remote Manipulator System (MRMS) f o r  
conduct ing 1-g cons t ruc t ion  t e s t s .  The r o l e  o f  automation 
I n  the  cons t ruc t i on  process w i l l  be Inves t iga ted  as p a r t  
o f  t h i s  a c t l v i t y .  Studies w i l l  cont inue on developing 
deployable t russes f o r  antenna s t r u c t u r e s  and a 36-element 
deployable t e s t  a r t i c l e  w i l l  be fab r i ca ted .  E f f o r t s  w i l l  
con t inue on d e f i n i n g  on-orb i t  cons t ruc t i on  scenar ios and 
associated f l i g h t  experiments. 
MILESTONES: 
o Procure CAD te rmina ls .  October 1986 
o Complete ground t e s t  MRMS hardware, November 1986 
o 1-g t e s t  o f  MRMS, February 1987 
o Fabr ica te  deployable 36-element t r u s s  model, March 1987 
17 
FY 1986 ACCOMPLISHMENTS: 
o Conducted ACCESS flight test in November 1985 
o Completed Erectable Joint Concept Study 
o Designed and began fabrication of th i r d  generation 
erectab I e jo I nt 
o influenced Space Station decision to baseline 5-meter 
erectable truss through an extensive trade study and 
the ACCESS flight experiment 
RTR 481-32-23-02 Space Station Erectable Structures 
OBJECTIVE: 
Develop technology for a 5-meter composite truss for the 
Space Station. Develop and demonstrate a technique for 
constructing the truss from the Space Stat'ion. 
FY 1987 PLANS: 
o 3rd generatlon joint design, fabrication and evaluation 
o Development of payload attachment fixtures 
o Complete development of aluminum clad composite struts 
0 Fabricate and test 2 bays of composite truss hardware 
o Fabricate and test 10-bay aluminum 
o Studies to reduce EVA assembly houl 
APPROACH: 
in FY 1987 the main focus will be to 
composite struts for the truss and to 
truss 
S 
dentify suitable 
develop an on-orbit 
construction technique. Specifically, plans are to conduct 
an extensive study of various techniques for fabricating 
hi g h  stiffness, tough, graphite/epoxy struts and fabricate 
a 4-bay beam for testing. An in-house and contractual study 
will be conducted to develop and demonstrate an on-orbit 
construction approach. 
18 
MILESTONES: 
o Deflne a structural flight experiment, December 1986 
o Select composite strut design, March 1987 
o Develop construction technique, March 1987 
o Fabricate construction fixture, September 1987 
o Fabricate 4-bay beam, September 1987 
FY 1986 ACCOMPLISHMENTS: 
o A second generation erectable Joint with 3-D growth 
capability was designed and fabrlcated 
o A full scale and 1/4-scale 7-bay beam was built for 
test I ng 
o A third generatlon erectable Joint was designed and Is 
currently being fabricated 
o identified 20-bay beam as potential flight experiment 
RTR 906-55-62-01 Flight Experlment Definltlon 
OBJECTIVE: 
o Provlde integration support for the 5-meter erectable 
flight experlment with the Space Shuttle 
FY 1987 PLANS: 
0 Continue fllght experlment study 
APPROACH : 
An in-house and contractual effort will be conducted to 
Integrate the &meter erectable fllght experiment with the 
Space Shutt,ie system. The study will include hardware 
integration, EVA handling conslderations, pallet mountings, 
and Instrumentation Integration. Detalled drawings of  the 
hardware wlil be made and 1/8-scaie and full-scale mockups 
will be built to verify the designs. 
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MILESTONES: 
o Complete f l i g h t  experiment d e f l n l t l o n ,  November 1986 
o i n l t l a t e  l n t e g r a t l o n  c o n t r a c t ,  December 1986 
F Y  1986 ACCOMPLISHMENTS: 
o 20-bay, 5-meter s t r u t  e r e c t a b l e  t russ  i d e n t l f l e d  as 
basel lne  for  f l l g h t  experlment 
o Pre l lmlnary  in-house studies  conducted on beam construc- 
t l o n  scenar io ,  dynamic behavior ,  and o r b l t a l  decay 
20 
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RTR 506-43-51-01 Vlbratlon Reductlon 
OBJECTIVE: 
Accomplish valldated capablllty for on-llne structural 
parameter ldentlflcatlon and active and passlve vibration 
attenuatlon for large flexlble space structures. 
FY 1987 PLANS: 
o Conduct mlnl-Mast dynamlcs tests 
o Demonstrate 3-body slewing control 
o Develop recurslve Elgensystem Reallzatlon Algorithm 
system ldentlflcatlon method 
APPROACH : 
In FY 1987 the main focus wlll be the experlmental verlflca- 
tlon of control and system ldentlflcatlon technlques. The 
use of member actuators for reduclng the response program 
wlll be conducted at both element and system levels using a 
truss beam as a focus. Physlcal elements such as Jolnts, 
actuators, and electronic components wlll be analyzed 
lndlvldually and as parts of systems. Laboratory tests of 
hardware w l l l  be conducted to verify and Improve analyses. 
Studles of advanced system ldentlflcatlon algorlthms whlch 
Incorporate latest technlques Into small-core, high-speed 
appllcatlons wlll be Inltlated. Completlng tests of the 
15M hoop-column antenna wlll be accompllshed under this 
RTR. 
M I LESTONES: 
o Demonstrate 3-body closed-loop slewing control, 
December 1986 
o Complete dynamlc tests of  15M hoop-column antenna, 
February 1987 
o Verlfled open-loop model of 20M truss beam lncludlng 
effects of Jolnts, June 1987 
o Demonstrate closed-loop control of multlple-member- 
actuator truss-beam segment 
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F Y  1986 ACCOMPLISHMENTS: 
o Atmospherlc effects In slewing experiments quantified 
o Development of telescoplng member truss beam segment 
I n I t I ated 
0 Frequency domaln version of Elgensystem Reallzatlon 
Algorithm developed 
RTR 506-43-51-02 Advanced Spacecraft Dynamics 
OBJECTIVE: 
Develop and valldate methods for predlct ng and experi- 
mentally verifying the coupled structura dynamics and 
control of multl-body space structures w t h  flexible 
components, Interfaces, dlsslpative mechanlsms and large 
amplltude responses. 
F Y  1987 PLANS: 
o Begln 3-D LATDYN 
o Integrate 2-D LATDYN into Computational Structural 
Mechan I cs 
APPROACH: 
in FY 1987 the maln focus wlll be the continuatlon of 
development of a three-dlmenslonal computerlzed simulation 
of controlled dynamics of multl-body flexlble space struc- 
tures as encountered In deployment, slewing and robotic arm 
manipulation. Included In this thrust Is the development of 
Improved modularlzed translent algorithms for concurrent 
computing, and realistic verlfled models for joint and 
Interface damplng mechanisms. In addltlon, advanced siewlng 
control analyses wlll be studled and test suspenslon methods 
for large space structures will be analyzed. 
MILESTONES: 
o Establish computational approaches for analyzing non- 
linear contact and sliding dynamlcs In spacecraft 
Interfaces, December 1986 
0 Incorporate nonllnear truss Jolnt characterlzation In 
translent response of space station keel truss, 
January 1987 
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F Y  1986 ACCOMPLISHMENTS: 
o Mul t l -body synthes ls  o f  gener lc space s t a t i o n  model 
comp I e ted 
o P re l lm lna ry  dynamic behavlor o f  suspended space s t a t i o n  
sca le  model es tab l i shed 
o Cont ro ls  and be r th ing  c a p a b i l i t y  incorporated I n t o  2-D 
LATDYN 
o Nonl inear J o i n t  cha rac te r l za t l on  documented 
o Subst ruc tur lng  c a p a b i l i t y  I n s t a l l e d  I n  BUNViS 
o Computerized procedure fo r  d l s c r e t e l y  changing c o n s t r a i n t s  
developed and documented 
RTR 542-06-11-06 Beam Dynamics Ground Test 
OBJECTIVE: 
V a i l d a t e  ground t e s t s  technology and conduct t e s t s  necessary 
t o  demonstrate f l l g h t  readiness f o r  the  Mast experlment. 
F Y  1987 PLANS: 
0 Test COFS-I 20M prototype and components 
APPROACH: 
i n  F Y  1987 the  main focus I s  the  development o f  t e s t  methods 
and suspension technlques f o r  t he  Mast us lng  a 20M t r u s s  
beam (mlni-Mast) .  Ana ly t l ca i  methods o f  l nc lud lng  J o i n t  
c h a r a c t e r i s t i c  and suspension dynamics i n  a g loba l  dynamlcs 
model w l l l  be evaluated. Measured g lobal  dynamlc charac- 
t e r l s t i c s  o f  t he  mlnl-Mast w l l l  be p red ic ted  us ing  s ta te -o f -  
the-ar t  technlques. Evaluat lon o f  suspenslons f o r  the  60M 
t e s t  w l l l  begln.  Assembly and checkout o f  a p o r t a b l e  data 
a c q u l s l t l o n  system fo r  t h e  f l i g h t  a r t l c l e  ground t e s t s  w l l l  
be completed. 
MILESTONES: 
o Complete o u t f l t t l n g  of mobl le  data a c q u l s l t l o n  t r a i l e r ,  
December 1986 
o Begin m o d l f l c a t l o n s  t o  Hangar Annex f o r  ground t e s t s ,  
February 1987 
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o i n i t i a t e  study o f  candidate suspensions f o r  f l i g h t  beam, 
March 1987 
o Complete modal t e s t  on 20M mlnl-Mast, June 1987 
o Complete j o i n t  cha rac te r i za t i on  t e s t s ,  August 1987 
F Y  1986 ACCOMPLISHMENTS: 
o Mini-Mast J o i n t  t e s t s  begun 
o Pre l iminary a n a l y t l c a i  models deve 
o Mobi le  data a c q u i s l t l o n  system def 
oped 
n i t i o n  completed 
RTR 542-06-31-01 COFS i l l  Technology 
OBJECTIVE: 
Develop s t r u c t u r a l  dynamlcs technology f o r  COFS I l l  ground 
and f l l g h t  experiments. 
FY 1987 PLANS: 
o Release RFP f o r  Space S t a t i o n  sca le  model design and 
f a b r i c a t i o n  
APPROACH: 
i n  F Y  1987 the  main focus w l l i  be on i n l t i a t l n g  a con t rac t  
f o r  t he  deslgn and cons t ruc t l on  o f  the  COFS i l l  ground 
experiment model which w i l l  be Space S t a t i o n  o r ien ted  i n  
a n t l c i p a t l o n  o f  on-orb i t  f l i g h t  data. Analys ls  and t e s t  
methods f o r  t he  dynamics and c o n t r o l  o f  muitipie-component, 
joint-dominated s t ruc tu res  w i l l  be emphasized. Desired model 
c h a r a c t e r i s t i c s  as we l l  as f a b r l c a t l o n  requirements and 
c a p a b i l i t i e s  w i l l  be developed. I n  r e l a t e d  technology, 
s tud ies  of the  sca l i ng  o f  model components such as tubu la r  
members and s t r u c t u r a l  J o i n t s  w i l l  be cont inued and In-huse 
t e s t s  and analyses o f  prototype space s t a t i o n  hardware w i l l  
be conducted. A phenomena model t o  examine t e s t  and 
ana lys i s  methods f o r  the  COFS i l l  candidate c o n f i g u r a t i o n  
s t r u c t u r e  w i l l  be designed and fabr ica ted .  
MILESTONES: 
0 Complete t e s t s  o f  114-scale space s t a t i o n ,  November 1986 
o Complete design o f  phenomena model, January 1987 
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o Complete t e s t s  o f  f u l l - s c a l e  space s t a t i o n  t r u s s  model, 
June 1987 
o Award c o n t r a c t  f o r  scale model des lgn /cons t ruc t lon ,  
August 1987 
F Y  1986 ACCOMPLISHMENTS: 
o P re l lm lna ry  model f e a s l b l l l t y  study c o n t r a c t  completed 
0 Study o f  j o i n t  sca l l ng /ana lys l s  l n l t l a t e d  
o Ground t e s t s  o f  1/4-scaie e rec tab le  t r u s s  l n l t l a t e d  
o Model d e f l n l t l o n  study cont rac t  awarded 
o Phenomena model design study l n i t l a t e d  
o Statement o f  work f o r  scale model d e s l g n / f a b r l c a t l o n  
c o n t r a c t  under develoDment 
o Prototype sca le  model composite p a r t s  and s t r u c t u r a l  
j o l n t s  recelved and t e s t i n g  under way 
RTR 482-53-53-38 Space S t a t l o n  Model 
Def ln l t lon /Des lgn  
OBJECTIVE: 
Develop a sub-scale r e p l i c a  model technology f o r  space 
s t a t l o n  a p p l l c a t l o n s  and a methodology f o r  I t s  use I n  
dynamlc development and q u a l l f l c a t l o n .  
F Y  1987 PLANS: 
o Procure and t e s t  l / lO-sca le  gener ic dual keel  s t a t i o n  
o Perform p re - tes t  a n a l y t i c a l  s tud les  f o r  r e p l i c a  model 
APPROACH: 
I n  F Y  1987 the  main focus w l l l  be on d e f l n l n g  requirements 
f o r  and des lgn lng the  model and on d e f l n l n g  r o l e s ,  pro- 
cedures and t e s t  methods for use o f  such a model I n  space 
s t a t l o n  development. A r e p l l c a  model o f  t he  Space S t a t l o n  
o f  approxlmately one-fourth t o  four - ten ths  sca le  w i l l  be 
de f lned f o r  use I n  p r e d l c t l n g  space s t a t i o n  on -o rb l t  
dynamics. Test suspenslon, e x c l t a t l o n  and inst rumentat ion 
methods w l l l  be s tud led .  l n l t l a l  e f f o r t s  w l l l  be on 
development and t e s t s  o f  an IOC c o n f l g u r a t l o n  I n  t ime t o  
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a s s i s t  space s t a t i o n  CDR. Scar e f f e c t s  on the  IOC con f ig -  
u r a t i o n  r e s u l t i n g  from advanced c o n f i g u r a t i o n s  a l s o  would 
be determined. These funds w i l l  be combined w i t h  design/ 
cons t ruc t  con t rac t  on RTR 542-06-31-01. 
MILESTONES: 
0 i n i t i a t e  d e f i n i t i o n  study con t rac t  f o r  a r e p i  
January 1987 
0 I n i t i a t e  study o f  suspension and t e s t  methods 
F Y  1986 ACCOMPLISHMENTS: 
o Model f e a s i b i l i t y  study completed 
ca model, 
Apr i i 1987 
RTR 483-32-33-03 F l e x i b l e  Body Deployment Analys is  
Deve I opment 
OBJECTIVE:  
Develop, e a r l y  i n  the  space s t a t i o n  program, ver 
a n a l y t i c a l  c a p a b i l i t y  requ i red  f o r  space s t a t i o n  
t i o n ,  maneuvers, be r th ing  and r o b o t i c  arm manipu 
F Y  1987 PLANS: 
o i n i t i a t e  coding o f  3-D a r t i c u l a t i o n  code 
f l e d  
const ruc- 
a t i o n .  
o Perform 2-D s imu la t ion  s tud ies  on s t a t i o n  operat ions 
( e . g . ,  r o b o t i c  a r m  maneuver) 
APPROACH: 
I n  F Y  1987 the  main focus w i l l  be the  cont inued incorpora- 
t i o n  o f  new technology a n a l y t i c a l  methods i n t o  usable 
computer programs which can a i d  the  space s t a t i o n  p r o J e c t  
i n  systems engineer ing and i n t e g r a t i o n .  Emphasis i s  on a 
convected coord ina te  approach fo r  t r e a t i n g  connected 
f l e x i b l e  components i n  problems such as automated assembly. 
MILESTONES: 
0 Es tab l i sh  p ro to type 3-D LATDYN code, September 1987 
F Y  1986 ACCOMPLISHMENTS: 
o 2-D LATDYN theory documented 
o 2-D LATDYN User Manual completed 
28 
o 2-D LATDYN enhancements for ber th lng  and c o n t r o l s  
comp I e ted  
o 3-D LATDYN coding contract  l n i t l a t e d  
29 
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V I  STRUCTURAL MECHANICS BRANCH 
RTR 505-63-11-03 Mechanics o f  Composite S t ruc tu res  
OBJECTIVE: 
Develop mechanics technology requ i red  f o r  v e r i f i e d  deslgn o f  
e f f i c i e n t ,  f a u l t - t o l e r a n t  advanced-composite a i r f rame s t ruc -  
t u r a l  components and t o  formulate advanced ana lys i s  methods 
t o  p r e d i c t  u l t l m a t e  s t reng th  o f  composlte s t r u c t u r e s  and 
s t a t l c  and dynamic nonl inear  response t o  aerospace 
s t ruc tu res .  
F Y  1987 PLANS: 
o Complete development o f  non 
ana I y s l s  
o i n i t l a t e  development o f  sca 
s t r u c t u r e s  
o Complete nonl lnear  ana lys l s  
rocke t  booster 
APPROACH : 
near modal l n t e r a c t l o n  
ng laws f o r  composite 
D f  fl lament-wound s o l i d  
I n  F Y  1987 the  maln focus I s  v e r i f y i n g  new f a l i u r e  analys 
f o r  compression-loaded m u l t i - d l r e c t l o n a i  larnlnates and on 
lmplementlng I n t o  STAGS an In-house-developed nonl inear  
modal l n t e r a c t l o n  ana lys l s  f o r  b u l l t - u p  components. 
S 
MILESTONES: 
o I n i t i a t e  development o f  s c a l l n g  laws f o r  composlte 
s t ruc tu res ,  October 1986 
o V e r i f y  f a i l u r e  ana lys l s  f o r  compresslon-loaded m u l t l -  
d i r e c t i o n a l  lamlnates, February 1987 
o Complete tes t -ana lys l s  c o r r e l a t l o n  o f  s t l f f e n e d  f i lament -  
wound cy l i nde r  and heavl ly- loaded slde-of-body wlng 
J o i n t ,  A p r l I  1987 
o Complete development o f  e r r o r  ana lys i s  f o r  nonl lnear  
p l a t e s  us ing r e c o n t l n u l z a t l o n  method and extend method 
t o  include t ransverse shear and normal s t resses,  May 1987 
o Conduct nonl inear  ana iys l s  o f  filament-wound s o l l d  rocket  
booster, June 1987 
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FY 1986 ACCOMPLISHMENTS: 
o E f f e c t s  o f  cu tou ts  on postbuckl ing behavior o f  uns t l f f ened  
graphlte-epoxy shear webs l d e n t l f l e d  exper imenta l ly  
o C r l p p l i n g  s t reng th  of  compresslon-loaded m u l t l - d i r e c t i o n a l  
laminates determlned by a nonl inear ana lys l s  
o Both th ickness and s t i f f n e s s  d l s c o n t l n u l t l e s  shown t o  
e f f e c t  compresslve s t rength o f  graphlte-epoxy laminates 
w i t h  dropped p l i e s  
o Tests and analyses show t h a t  lncreas lng cu tou t  s i z e  does 
not  necessar l l y  decrease the  buck l lng  s t reng th  o f  compres- 
slon-loaded composlte p la tes  
0 Non-optimum fllament-wound graphlte-epoxy s t i f f e n e d  
c y l l n d e r  tes ted .  Analysls belng conducted t o  he lp  
l d e n t l f y  f a i l u r e  mode 
o New hlgh-order transverse-shear p l a t e  ana lys l s  shows 
t h a t  p l a t e s  w l t h  low wldth-to-thlckness r a t i o s  buck le 
a t  loads below those fo r  c l a s s i c a l  t ransverse shear 
theory 
o Nonl lnear modal l n t e r a c t l o n  ana lys l s  f o r  p l a t e s  developed. 
Analys ls  belng Implemented I n  a general purpose nonl lnear 
s h e l l  code f o r  general s h e l l s  
RTR 505-63-11-05 Advanced Composlte S t r u c t u r a i  (Soncepts 
OBJECTIVE: 
Develop v e r l f l e d  composlte s t r u c t u r a l  concepts and design 
technology needed t o  r e a l l z e  the  improved performance, 
s t r u c t u r a l  e f f i c i e n c y ,  and low-cost advantages o f f e r e d  by 
new m a t e r l a l  systems and rnanufacturlng methods f o r  advanced- 
composlte a l r c r a f t  s t r u c t u r a l  components. 
FY 1987 PLANS: 
o Complete l n l t l a l  an i so t rop l c  t a l l o r l n g  s tud les  o f  h lgh- 
aspec t - ra t l o  lamlnar-f low wlngs 
o Contlnue development and eva lua t i on  o f  new s t r u c t u r a l l y -  
e f f l c l e n t  composlte panel concepts 
o Conduct damage-tolerance t e s t s  o f  new graphlte-epoxy 
panel concepts 
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o Contlnue studles of structural tallorlng and Interleaving 
for stlffened panels 
APPROACH : 
In F Y  1987 the main focus Is developlng new structurally- 
tallored wlng component deslgn concepts and evaluatlng the 
performance of low-cost fllament-wound structural concepts. 
lnnovatlve structural conflguratlons for advanced aircraft 
appllcatlons wlll be developed and evaluated for Improved 
performance, structural efflclency, and damage tolerance. 
The effects of constraints, such as those Imposed by aero- 
elastlc tallorlng, laminar flow, acoustics and control, will 
be Included In the deslgn of new structural concepts for 
alrcraft components. Mechanlcal and pressure loads repre- 
sentatlve of wlng and fuselage structural components will 
be considered. Associated structural mechanics Issues 
pecullar to these new deslgn concepts wlll be studled and 
selected concepts wlll be evaluated experlmentally. 
MILESTONES: 
o Experlmentally evaluate prellmlnary deslgn of geodesic 
stlffened compresslon panel, October 1986 
o Conduct damage tolerance tests of graphlte-epoxy 
fllament-wound and sandwlch panels, February 1987 
o lnltlate fabrlcatlon of transport wlng box beam concept, 
Apr I I 1987 
o Experlmentally evaluate two addltlonal new advanced 
compresslon panel concepts, AprlI 1987 
o Complete lnltlal anlsotroplc tallorlng study of high- 
aspect-ratio lamlnar-flow wlng, June 1987 
o Complete deslgn study of optimum tapered wing-box wlth 
new panel concepts and damage tolerance conslderatlons, 
June 1987 
0 Conduct deslgn and analysis studles of advanced concept 
tapered spars and cover panels and fabricate sub- 
Components, September 1987 
F Y  1986 ACCOMPLISHMENTS: 
0 Open-hole compresslve strength of thermoplastlc lamlnates 
shown to be sllghtly lower than for epoxy laminates 
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o Flberglass edge relnforcements and In-plane tapered Insert 
reinforcements shown to Increase compressive and tenslle 
strength of graphlte-epoxy plates wlth holes 
o Preilmlnary design of high-aspect-ratio swept-forward 
wing with laminar flow airfoil shows that structural 
tailoring with graphite-epoxy materials can provide 
mlnlmum welght wlngs with no twist at ultimate load 
o Welght/cost analysis Identifies new composite panel 
concepts that are both lighter in weight and lower In 
cost than conventional aluminum stiffened fuselage panels 
o Deslgned and fabricated advanced high-aspect-ratio cover 
panel concept uslng damage-tolerant interleaved materials. 
Testing to evaluate concept is under way 
o Baseline and alternate wlng panel and spar concepts 
evaluated for transport wing box beam 
37 
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RTR 505-63-11-07 Computational Structural Mechanics 
OBJECTIVE: 
Develop advanced structural analysls and computation methods 
that explolt advanced computer hardware and develop standard 
generlc software system for structural analysts. 
FY 1987 PLAS: 
o Award task asslgnment contracts for testbed, methods 
research, and appllcatlons studles 
o Demonstrate capability for routine nonlinear global/local 
analysls of composite structures 
o Demonstrate UNlX version of CSM testbed on NAS for large 
flnlte element problem 
o Integrate parallel equatlon solvers Into CSM testbed and 
demonstrate on FLEX or NAS 
o Demonstrate parallel dynamlc analysts 
APPROACH : 
In FY 1987 the maln focus w l l l  be upgrading lnltlal testbed 
(NICEISPAR) and developlng analysls capablllty for multl- 
processor computers. Methods research wlll emphaslze 
procedures that exploit computers having rnultlple prccessors 
and a concurrent processlng capablllty. To ald In the 
methods development research, a testbed system wlll be 
created. It wlll consist lnltlally of  software for Langley's 
VAX and Cyber computers and a comblnatlon of software and 
hardware for concurrent processlng. A standard generlc soft- 
ware system that can accept appllcatlons modules will be 
developed. Thls software system will be aimed at the 
computers and aerospace structural analysts problems of the 
late 1980's and beyond. 
MI LESTONES : 
o Award task asslgnment contracts for analysls testbed, 
methods research, and appllcatlons studles, October 1986 
o Demonstrate parallel equation solver and parallel elgen- 
value solver In NICE/SPAR, December 1986 
o Demonstrate geornetrlc nonlinear flnlte element capability 
of NICEISPAR on multlprocessor computer, March 1987 
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o Demonstrate UNIX version of NICE/SPAR on NAS for large 
flnlte element problem, March 1987 
o Demonstrate capability for routine global/local analysls 
of composite structures, July 1987 
o Demonstrate error analysis capablllty on composlte sub- 
scale problem, September 1987 
o Develop translent algorithms for multiprocessor super- 
computers, September 1987 
FY 1986 
0 
0 
0 
0 
0 
ACCOMPLISHMENTS: 
Converted NICE/SPAR testbed to UNIX; Installed on slngle 
and multiple processors of FLEX 
Installed shear flexible elements, geometrlc nonllnearlty, 
and laminate utlllty In NICE/SPAR 
Documented study of error analysis techniques 
Documented study of global/local stress analysis for 
composite panel with dlscontlnuous stlffener 
Parallel Lanczos elgensolver demonstrated to be efflclent 
on FLEX 
40 
RTR 506-43-41-04 SRB J o l n t  Concept Study 
OBJECTIVE: 
This  RTR I s  t o  conduct an Independent assessment o f  deslgn 
procedures f o r  development o f  a SRB ( S o l i d  Rocket Booster) j o i n t  
f l x ;  and t o  evaluate a l t e r n a t e  deslgn f i xes .  To se t  up analyses 
o f  S R B  deformat lons us ing  advanced ana lys l s  t o o l s ;  and t o  I n v e s t i -  
gate a l t e r n a t e  concepts us ing experience I n  gas leak problems 
I n  wind tunne ls  and f l l g h t  vehic les.  The e f f o r t  repor ted here in  
a re  t h e  r e s u l t s  o f  a team e f f o r t  by personnel o f  the  S t ruc tu res  
and Dynamlcs D l v l s l o n ,  M a t e r i a l s  D l v l s i o n ,  and Systems Englneer- 
ing D l v i s l o n .  
MILESTONES: 
o I n i t i a l  request t o  l nves t l ga te  f l e l d  j o l n t  concepts, 
February 1986 
o Complete assessment o f  MSFC (Marshal l  Space F l l g h t  
Center)  concepts, May 1986 
o Complete development o f  LaRC (Langley Research Center)  
a l t e r n a t e  concept, August 1986 
0 P a r t l c l p a t e  i n  SRM Pre l lm lnary  Deslgn Revlew, September 
1986 
F Y  1986 ACCOMPLISHMENTS: 
S t r u c t u r a l  Concepts 
o Developed and analyzed a l t e r n a t e  b o l t e d  design concept 
f o r  SRB J o l n t s  
- S R M  Analys ls  
0 Developed 3-D models o f  51-L j o i n t  and c o r r e l a t e d  w l t h  
re fe rence t e s t  
0 l d e n t l f l e d  p l n  ho le  clearances as key parameters I n  
c iev l s - tang  j o l n t  analyses 
o Performed I n e l a s t i c  3-D analyses o f  51-L j o i n t s  showing 
res idua l  p l a s t i c  deformatlons under proof  load 
o Developed 3-0 ana lys l s  of I n te r fe rence  f l t  capture tang 
des I gn 
0 Developed SRM s h e l l  model 
41 
O-Ring Studies 
o Developed resiliency data for various temperature levels 
on candidate seal materlals 
o Developed test fixtures and provided dynamic sealing and 
failure data to MSFC on candidate materials 
Therma I Design 
o Developed concepts for sealed thermal insulation of field 
Joints 
o Performed thermal analyses of sealed and vented cavities 
to determine effects of cavity configuration 
42 
V I  I ACCOMPLISHMENT HIGHLIGHTS 
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X 
a, 
Q) 
k 
B 
yc 
0 
k 
0 
-4 
2 
. 
s 
al 
Q 
n 
\ 
al 
rn c 
0 
a, 
k 
4 
c 
al 
d 
I 
VI 
(Y 
% 
a, 
7 
X 
IUl 
a 
G m 
al .c 
4J d u 
ir 
0 
I= 
I 
(3 
tD 
I 
VI 
0 
In 
z 
0 w 
E 
pc 
0 
2 
t! -4 
# 
aal 
d 4 J  
3 -4 
O V I  
fi rno JJu 
rn 
a,rn 
4Ja 
5 &  a -4 
0 
k 
0 
a, 
0 
a 
4J c 
Q 
. 
46 
J 
w o  
(3 
7 L  
0 
0 
0 
a : :  6 
a 0  
u s  u u a  
a a d  
.d .d B 
M 
0 
w 
M 
C 
.d 
0)  
.n 
0 
M 
Q 
0 u 
0 
0)  u 
0 
0 
.d u 
r) 
0)  
.d 
8 
48 
49 
n w 
Q) z 
& 
C 
0 
m 
a a 
m a 
0 
4 
k 
Q 
w 
W 
0 
m 
U 
V 
9) 
W 
W 
Q) 
Q) 
5 
0 
C 
-I4 
W 
Q) 
Q 
0 
& 
Q 
C m 
w 
M a  
C k  
aJx 
f n  
U 
W a J  o u  m 
aJk 
m Q )  
m a J  a c  
.r( 9) 
o a m  
0;: 8 
.. I I , . . .. . . 
aJ m m  I m u 
m 
aJ u 
k 
00 .d c m  
o o k  
.r( a c 
P) u s  m u  
w c  a 
U u u  ¶ a  
c 3  
0 v c  m 
aJc 
urn 
n u  
o m  
U P )  
50 

e, u 
m 
Q 
& 
L, 
*r( 
U 
0 
0 
W 
c 
k 
aJ 
00 
2.5 . W c a 
52 

9, 
m c  u1 
I 
k 
9) u 0 * ,  
a, 4 J m  a k 
a 0  
0 a,*  u m a  
a 
W E  
r l Q  
I c a  
0-4  a, 
-4 Q m 
k & 1  
a, 
B 
0 
n 
W 
pc 
w s z a 
-4 -4 
k C  
k 3  a 
o m  
a, 
4Jk 
m -4 
alc, o 
k 
k F  
3: 
I U d )  
u G  a 0  
w 
H 
v) 
a 
2 w 
U 
2 
k 
k m 
d 
0 
a, 
E 
m 
a, u a a 
m 
0 
k 
a, a: 
W 
0 
UJ 
f 
0.4 
Q c 
0 
-4 
4J 
4 
X 
54 
f 
L n  rc 
d 
II 
QL 
0 
L n  
& 
II 
J, 
Y 
55 
Ei 
P 
Y 
F 
E 
v1 
1 
>( 
L) 
sr 
b a &  
0, 
J J C  
aal 
a b 
U 
k 
0 
0 
N 
U 
b c 
-4 
JJ 
4J 
m a 
c u 
m 
c 
0 
-4 
JJ a 
c u 
U 
k 
8 
-4 
2 
cb 
d 
0 
-64 
E m 
10 
k u 
JJ 
0 s 
0 
d 
d 
c 
.4 
m 
c 
0 
-4 
4J a 
h 
Q) a 
0 
56 
c 
cu m 
1 
c 
-It 
I 
I 
1 
1 
I 1 1 1 1 I 
0 m x O 5 1  cv s a 0  
U M  V)T n 
UM 
03isvia 
- QNVS 
P 
m 
CD 
I 
In 
0 
In 
a i i ~  I wd
0 
v) x 
 AtlQ 
57 
m n 
9 
58 
2 
d 
Q) 
k W  
k i W  
4J O W  
g a l 0  
W Y  
0 
4J 


STRUCTURAL CONCEPTS BRANCH 
61 
.- c n- 
c 
m aJ r 
I- 
u 
UI 
L 
aJ 
0 c 
c 
o w  c 
0 
W z f ' aJ t 0 a V 
aJ 
: (cl 
.e, 
0 
L 
0 
n o c  v o  -n 
W E  
.C 
QI r 
c, 
% a 
k 
En 
E 
tn 
.r 
a 3 a J  aJc 
tc, s Y U aJ 
.c, 
m - aJm T C  u .r v) P 
0 
e, 
*r c 
D O  c .C 
044 a 
a 
V 
o w  
C U  c u o  
O E  
Y-x 
n w w  
c o  
a J 4  n w  
w u  u c  = a  
u m u u  u c - m  Ql- n- a 
.? c 
3 0  
m e ,  
- m  
a J L  u 3  
o m  
E .- 
.- 
re 
a c aJ 
D 
Q 
.v c, .- 
u t  
c o  
aJv 
E a m  
-r L a J  I 
U I U  
t L 1  PIE 
W E  
rc 
w 
01 
w w  s c  
W O  a 
c a a L 
c 
0 
.C .o .- 
.L I a3 
Q, n 
62 
2 
P 
-or 
a 
0 
- 0  
t 
0 
-8  
-8  
0 
0 
- 0  
F 
J 
0 
0 
0 2 
P c 
I) 
0 0 
2 0 
P 
a 
0 
8 a 
a 
h 
63 
. c c n I U .e e, 
aJc 
w a n .  a 0  
L w -  v w  
h E  w 
V W a J  
0 .C u 
E L  w w c  
v) 0.0 
v) x .F 
aaJu a 
a - 9 -  
u t  . Q' .C U 
c 
-r- 
u -
5 c  
L .C 
5 
v) 
4 
F 
CI 
3 c 
0 
v) 
w 
4 
3 
0 
W c 
U e . 
3 
C 
e, 
.C 
v) 
L 
0 
ZI 
W 
0 
v) 
W 
=> 
a 
L 
L 
I 2 
3 
d 
-J 
I a 
> + e 1 3  m o a  TI c a 
c +J 
o m v  
L m a J  
W a J L  
m u a  
c1 
I v 
3 
& c 
v) 
. 
L 
3 
U 
L 
4 
al 
I 
-I 
L aJ u 
.I 
. 
W u 
w c 
-I 
4 
I- 
m u 0  j c  
Lld 0 
E m  
O C  r.. - 
v 
a W 
W 
v. 0 hv)F h b  * r w  occ a L 
e , . F C L  w 0 c c  u w  C r  
5 L  
a 
0 
LL 
- w  c , u  x o  
w o  v) 
0 
0 
I c 
W 
O D  w 
aE 
L 
0 
d 
I- '- m 
C 
-0. 
VI 
aJaJ 
nc  
mnu 
I- 
v) r 
0 
V 
0 
h - 
K lu J-J 
E 
C O  
aJc 
mw- 
h n W n !z 2 
n 
v) 
h 
5 n 
64 

rn 
C 
c 
0 
h 
c, 
v- 
a 
.C 
c 
.C n 
la 
0 c 
c, 
C 
0 
U 
e 
0 
c, 
la 
c, 
v) 
E 
0 
c 
F 
.c 
n 
In 
8 
21 
cp n 
.- c 
c, " 
ale 
66 
i 
v) a 
0 a 
B 
Y 
0 
0 
0 
I +  
c 
4 
V 
3 
a 
w c 
v) 
3 
=c c 
v) 
W 
QL 
a 
a 
H w 
W 
LL 
a 
LL 
0 
v) 
W 
L3 
3 
rs ' a  
m s v  
t 
0 
c. 
I- 
U c 
v) 
O L  
v)- 
ELL 
0 0  
67 
T 
. m  
aJ u e a 
m 
L 
0 
IC 
u a 
0)  
0 c 
0 
V 
U 
1 c 
e, 
m 
cn 
cn 
3 
L 
e, 
0, > 
u 
U 
W 
rc e 
W 
0 
v, 
0 u 
U c a 
aJ 
* 
e, cn 
h 
m 
e, 
.F 
- n 
7 - 
E t
0 
L 
w 
t 
Q, 
u 
E 
Q, 
U 
Y- 
cc 
Q) 
h 
.F 
c 
.c 
.- 
c 
c 
68 
e, c 
aJ 
u 
L 
0 + 
C 
aJ 
I L  
h 
L 
m 
u 
E 
Q, 
E 
m 
ce 
f 
.C 
7 
.r 
-0 
W 
U 
v) aJ 
u 
h 
3 
v- 
v, 
,v) aJ 
V 
V 
3 
v, 
c 
aJ 
Q, 
E 
0 
v, 
tu 
lv, 
IU 
J= 
e, 
C 
W 
E r 
V 
nJ 
c, 
e, 
a 
0, 
C 
e, 
e, 
IC 
U 
C 
aJ 
L 
0 *- 
U 
C 
0 
8 -  
c 
- 
.- 
.- 
.c 
'-7 
u 
3 
L 
0 
v) 
Q Q J  
v o  
S L  . 
w d u c  
L -  
L 
3 u  
c , v  
v m  
3 n  
L E  
w -  
v) 
o *  
C W  
m u  c 
I. 
z 
0 
I- U 
0 
- 
- a 
m a 
m 
LL, 
W 
3 
I- 
W 
I- 
cn 
0 e 
z 
0 
0 
0 
A 
0 
J 
U 
I- 
W 
=E 
- 
a 
Q 
W e 
0 
A 
W > 
W 
0 
cn cn 
W 
0 
0 
pt e 
W c 
U 
, 
L. 
W n 
J 
3 0 
U 
n . . w  
I-' 
t 
J 
I- 
=¶ 
0 
69 

STRUCTURAL DYNAMICS BRANCH 
71 
H s 
H 
X 
-3 
4 u 
H z 
X 
V 
2 
J 
W 
X 
4 a 
E 
4 
-3 
0 cn 
W 
Ll 
H x 
W 
c3 
Lrr 
0: 
0 
tr, 
P 
W e 
4 cr: e 
VI 
m 
P 
0 
* 
-3 
J 
3 
tr, cn cn w 
V u 
3 cn 
-3 
0 
E e z 
0 
0 
0 
X 
W 
J cn 
n 
r 
0 cr 
W O Q ,  
L l u L  
W L Q ,  a n  0 x c r c  
- e L o  z.4 
al c 
& 
h 
U 
1 
& 
m 
72 

0 
c, 
0 
C 
(d 
m 
4 " 
0 
0 
C 
0 
4 
L1 fa 
c, 
a 
e 
4 
(d 
0 
0 
8 
7 4  
ld 
C 
0 
4 
c, 
4 
-0 
TI 
4 
U 
Q, 
0 
Ll 
L 
E 
x 
bo c: 
Q, 
4 
n 
m 
4 
m 
C 
0 
.d 
3 m 
L 
D 
> 
5, 
ld 
L 
t m 
.cl 
> L  ac. 
a m  
C 
L O  
0 4  
c 
0)  
@7 
T 
L m 
4 
0 
a, 
Ll 
0 
C 
0 
m 
n 
0, 
L a a 
3 
a, 
.-I 
c 
C Q )  m c  
L o )  
K 
m w  
g.z 
m e r  
e o  .r( b , c >  
* o  " 5  8 "  
o) 
0 4  
r D  
74 


L. cu aa c 
.I 
n 
v) 
.- 
4 
I 
u 
3 - 
aa 
I- 
E .- 
00 
0 . 0 8 - 
0 
V 
9: 
.I 
aa 
c 
E .- 
0 . 0 . 
77 
ab0 
C 
C - 4  ac, 
m 
D 
a, 
L 
W 
0 
L a 
C 
m 
x 
c, 
.4 
-4 
..-I 
D 
(6 
0 
4 
Q 
C 
0 
m 
C 
a, 
E 
U 
a, 
e, 
L r: 
c, 
L 
0 
h 
3 
0 
4 
4 a 
0 
c, 
z 
% 
a 
b 
4 
2 
h 
0 
c, 
C 
al 
0 
4 
a, > 
al 
.d 
.4 
x 
.4 
.-I 
B 
n 
.. 
ro 
X 
p. 
w ez 
3 
L., 
4 
's 
78 
5 
F a 
I- cn 
W 
0 
cn 
a n 
a 
W > 
3 
w c 
I= 
?P 
F Q  
F 
8 I lo 0 0 0  
c9 0 2 I 
7 
79 
c) 
4 
- 
L 
Q) 
3 
0 a 
L 
0 
Ll 
m 
c, 
C 
0) 
L 
3 
W 
Q) 
L 
9) 
C 
8 
.rl 
4 
E 
W 
c, 
Q) 
U 
0 
3 
m 
a, 
a 
3 
c, 
Cn 
Ll 
Ll 
0 
I 
Q) a 
(d 
L 
3 
a 
C 
(d 
m al 
.rl 
3 
4 
d 
"4 
a 
C 
cd 
I a 
(d 
0 
L 
J3 
n 
Ll 
0 
aJ 
Y 
0 
L .. c, 
c o m  
X 
4 0  
J C  
aca 
80 
m W 
PG 
$ 
5i c( 
h 
kik 
5; - 
I 
0 
25 c 
3 
E 
? cu 
0 
2 
4 
x 
X 
t 
X 6 '  I 
~. 
0 cu 
81 
STRUCTURAL MECHANICS BRANCH 
83 
c 
84 
c 
85 
i 
4 o m a  m 
4 s 
C 
0 
Q 
0) 
5 
C 
al 
0 , .  
3 m  
c,4 s s  
P C  m 
L a  
Q, 
X U  
m a l  
4’ c 
Q) oc. *c. 
c m a  
C I Q  
O L  
4 b o  
L) 
4 u g  
m--c  m n  s o  
L Q ,  
c , L  
o o  
0 0  m 
c . L  
L O  oc. 
c, c o  
o m  e@+ ac. 
“ P  
* g  
m 
4 
0)  c o  cos 
Qc, 
X h  
X D  
0 
9.- 
I &  o o  
4 m  
s a  
C el 
a E  
C Q ,  
0 9 .  
4 6 1  
L o c  
> 4  
% o o  m L :  
o n  
C 
” m  m 
. o a  
o w 4  
b D 0  s c a c  
.. . .  0 m 4 o p .  
F 
4 
0)  
D 
h 
4 cr 
C 
0, 
L 
L 
1 
0 
m 
c 
0 
L o 
c, 
L 
0 
4 
4 
d 
L 
1 
4 
4 a .  
& -  
in m a  
OI 
8 Z  
d l  o -  * c n  
o 4  
0 
c , X  
C 
a m  
0 
h 0  
e, 
4 m  
L d  m u  
4 L  
1 0  
4 c  
a 0  s o s  
b o C  
a x  
al0 t o  o a  o L o  c c  
c, 
0 
S P  
z 3  
55 
86 

X 
2 w 
0: 
b 
v) 
s 
t; 
5 
* a 
l a 
E 
i 
8 
< 
I 
2 
0 
W 
IL: a 
Y 
4 
> 
0 a 
W 
w 
4 
b x 
U 
0 
w 
hl 
U z 
v) 
0 z 
W * 
U w 
4 
w 
b 
2 
a 
w 
Y 
g 
w 
5 
W 
U 
c, c 
Ill 
L 
0 
L 
m 
.-I 
r o c  
I, 
'0 
ale v u  
C-4 m n  
s o  
09 .  
0 
C I V  
0 
m e  
c 
alo 
0 
E n  
( 0 0  
6 - 4  
L C  a s  
ClAi 
L O  
ale 
P E  
I. 
0 
. 
e u a l  
m e a  z v c  
4 c - l  m o a  
> O c a  
e 4  
u ne, 
L Y  m 
Q X  o m  
E O  m - 4  c o  
alu 
c , o  c z  
"c, m e ,  
B E  
M T  cbl, 
.4 .,-l 
u m  c w  o u  
a 
1U-J c 
al --I 
L 
L O i  
ob0 o c  m 
aJc s o  
c, 
m r '4 
c,c 
4 c- 
3 .  
- h  
. L  r c u  
O V V )  
m m s  
0 o m  
L. L c 
P Q *.-4 
P a  
. m  m c ,  
6.4 
88 
. 
nbo 
alc n +  
A >  
4 0  
4 L  c a  
m.5 
n L  
0 0  
v) 
W > 
0 
a c 
v) 
W 
a c 
c 
I 
I I I I I I I IO 
9 9 9  9 9 9 9  
* N o m  @ t N  
0 0 0 0  r F P 
89 
X 
bo 
Q C C 8 
C m  
n m  
r c Q ,  
= 3  
. 
h 
L 
C 
e) 
9) 
&l 
Q 
L 
0 
0 
Q 
Q, 
C 
e, 
8 
a 
4 a 
hii 
L o a  a m  
> 
r c m  
Q C  E a  
O L  
dc, 
5 5  
m c m  ala  
E 
44 
U d  
I Q ,  
0 3  
3 c r m  
Q 
L a m  
W Q ,  
C R  
4 m  
4 a i  
C L  oc, c m  
r c a l  L -  
90 
I- 
- 
0 
L 
' 'I 
w 
0 
0 
v) cn 
w 
U 
o r  
3 5  
m z  
1L 
0 
t- 
L 
0 
I- o 
W 
L 
L 
w 
m r 
In 
I 
I 
I 
I 
I 
I 
I 
I 
i 
\ 
\ 
\ 
I 
I 
I 
I 
I 
t 
(! 
\'\ 
i: 
1 
/ 
1 
I*r7 
rr \  
I 
I 
I 
I 
I 
i 
I 
I 
I 
I 
I 
I 
I 
i 
/ I  
I (\ 
I 
I 
I 
I 
I 
I 
0 
1 
I 
I 
/ 
I 
I 
I 
I 
1 
I I I I I I 
a a cv 
% 
I- 
2: w 
a i  
c3 
(0 
n 
r( 
C 
0 
n 
0, 
L 
-4 
4 
8 
C 
0 
0 
o 
k-4 
a 
0)  
c) 
d 
8 
E 
a 4 
4 
k-4 
m 
C 
0 
4 
c, 
0 
Q, 
L 
U 
I 
U 
c, 
k-4 
4 
6' 
L 
0 
L. 
n 
01 
h 
4 
m 
C m 
0, 
L 
3 
m e 
L 
m 
0, 
C 
rl 
F I  
rl 
ii D m 
01 a 
V a l  
L 5  
GI2 
8 0  = e  !IS 
2 2  
aL) 
a.c, 
C 
O Q ,  
c , o  
3 0  
~e s a  
r u n  
U 
m 
0 
-4 
e v I \  
L) 
3 n 2  
m u  .4 
ck-4 L 
co m 
m a l  e 
4 L  n 
eo? Q, 
92 

0 
5 
m 
i 
3 - 
c 
94 
zrc a 
W 
t- 
I- 
I l D  - 
tt 
0 
21 
0 
?= 
c) z 
3 
LL 
113 
w 
Q 
3 3  
cv 
0 
0, c 
.I 
95 
V I 1 1  PUBLICATIONS AND PRESENTATIONS 
V l l l  PUBLICATIONS AND PRESENTATIONS 
The F Y  1986 accornpllshments r e s u l t e d  i n  a number o f  p u b l i c a t i o n s  
and presentat lons.  They a r e  l i s t e d  below as Formal Reports; 
Quick-Release Technlcai Memorandums; Contractor  Reports; Journal 
A r t i c l e s  and Other Pub l i ca t l ons ;  Meeting Presentat ions;  Technlcai 
Talks;  Computer Programs; Tech B r i e f s ;  and Patents.  
Formal Reports 
1.  
2 .  
3 .  
4 .  
5 .  
6. 
7. 
8 .  
9. 
Daugherty, R .  H . ;  and Stubbs, S. M. :  A Study o f  the  
Cornering Forces Generated by A l r c r a f t  T l r e s  on a T I I t e d ,  
Free-Swiveling Nose Gear. NASA TP-2481, October 1985 
Dorsey, J. T.: Dynamlc C h a r a c t e r i s t i c s  o f  Power-Tower 
Space Sta t lons  Wlth 15-FOOt Truss Bays. NASA TM-87684, 
Ju l y  1986 
Fasanelia, E. L . ;  Alfaro-Bou, E . ;  and Hayduk, R. J . :  
impact Da ta  From a Transport A i r c r a f t  Dur lng a Con- 
t r o l l e d  i m p a c t  Demonstration. NASA TP-2589, September 
1986 
F l c h t e r ,  W .  B.: A Simple Nonlinear J o i n t  Model. NASA 
TM-87749, August 1986 
Hayduk, R. J. (Compi ler) :  Fui  l -Scale Transport Con t ro l l ed  
Impact Dernonstratlon. NASA CP-2395, January 1986 
Jackson, K. E . :  Abraslon Behavlor o f  Aluminum and 
Composite Skln Coupons, S t l f f e n e d  Sklns, and S t l f f e n e d  
Panels Representative o f  Transport A i rp lane  S t ruc tu res  
NASA TP-2520, AVSCOM TR 85-8-7, November 1985 
Nemeth, M. P . ;  S te in ,  M. ;  and Johnson, E. R . :  An Approx 
m a t e  Buckl ing Analys is  f o r  Rectangular O r t h o t r o p i c  
P l a t e s  With C e n t r a l l y  Located Cutouts. NASA TP-2528, 
February 1986 
Stubbs, S. M.; and Tanner, J. A . :  Technique for  Measuring 
Slde Forces on a Banked A i r c r a f t  Wlth a Free-Swivel ing 
Nose Gear .  NASA TM-87719, August 1986 
Thurston, G. A . ;  and Balns, N. J. C . :  S o l u t l o n  o f  t he  
Symmetrlc Elgenproblem AX = A B X  by Delayed D l v i s l o n .  
NASA TP-2514, March 1986 
98 
Qulck-Release Technlcal Memorandums 
10. Bales, K. S.: Structures and Dynamlcs Dlvlslon Research 
and Technology Plans for FY 1986 and Accompllshrnents for 
FY 1985. NASA TM-87742, July 1986 
1 1 .  Belvln, W. K.; and Edlghoffer, H. H.: Experlmental and 
Analytlcal Generlc Space Statlon Dynamlc Models. NASA 
TM-87696, March 1986 
12. Card, M. F.; Heard, W. L., Jr.; and Akln, D. L.: Con- 
struction and Control of Large Space Structures. NASA 
TM-87689, February 1986 
13. Dorsey, J. T.: Structural Performance of Space Statlon 
Trusses With Mlsslng Members. NASA TM-87715, May 1986 
14. Dorsey, J. T.; Sutter, T. R.; Lake, M. S.; and Cooper, 
P. A.: Dynamlc Characterlstlcs of Two 300 KW Class 
Dual Keel Space Statlon Concepts. NASA TM-87680, 
February 1986 
15. Fasanella, E .  L.; and Alfaro-Bou, E.: Vertlcal Drop Test 
of a Transport Fuselage Sectlon Located Aft of the Wlng. 
NASA TM-89025, September 1986 
16. Greene, W. H . ;  Knlght, N. F., Jr.; and Stockwell, A. E.: 
Structural Behavlor of the Space Shuttle SRM Tang-Clevls 
Jolnt. NASA TM-89018, September 1986 
17. Housner, J. M . ;  McGowan, P. E . ;  Abrahamson, A. L.; and 
Powell, M. 0.: The LATDYN User's Manual. NASA 
TM-87635, January 1986 
18. Jegley, D. C.: Effects of Thlckness and Ply Orlentatlon 
on Buckling of Laminated Plates. NASA TM-87691, 
February 1986 
19. Juang, J-N.: Mathematical Correlation of Modal Parameter 
ldentlflcatlon Methods Vla System Reallzatlon Theory. 
NASA TM-87720, April 1986 
20. Lake, M. S.; and Bush, H.  0 . :  A n  Analytlcal lnvestlgatlon 
of a Conceptual Deslgn for the Space Statlon Transverse 
Boom Rotary Joint Structure. NASA TM-87665, 
January 1986 
21. Lotts, C. G.; and Greene, W. H . :  Experiences With a 
Prellmlnary NICE/SPAR Structural Analysls System. NASA 
TM-87586, October 1985 
99 
22. Shuart, M. J.: Short-Wavelength Buckilng and Shear 
Failures for Compresslon-Loaded Composlte Lamlnates. 
NASA TM-87640, November 1985 
23. Sohl, M .  M . ;  Hahn, H. T.; and Williams, J. G.: The Effect 
of Resin Roughness and Modulus on Compresslve Failure 
Modes of Quasi-lsotroplc Graphlte/Epoxy Laminates. NASA 
TM-87604, March 1986 
24. Wu, K. C.; and Lake, M .  S.: Analysis of a Singie-Fold 
Deployable Truss Beam Preioaded by Extension of Selected 
Face Diagonal Members. NASA TM-87673, April 1986 
Contractor Reports 
25. Adams, L. R . ;  and Hedgepeth, J. M . :  Batten Augmented 
Trlanguiar Beam. NASA CR-172461, February 1986 
(NAS1-17536, Astro Research Corp.) 
26. Derlan, E .  J.; and Hyer, M .  W.: Large Deformation Dynamic 
Bendlng of Cornposlte Beams. NASA CR-4006, August 1986 
(NAG1-343, Virglnla Polytechnic Institute and State 
Unlverslty) 
27. Duke, J. C., Jr.; Post, D . ;  Czarnek, R . ;  and Asundi, A.: 
Measurement of Dlspiacement Around Holes in Composite 
Plates SubJected to Quasi-Static Compression. NASA 
CR-3989, June 1986 (NAG1-193, Virginia Polytechnic 
institute and State University) 
28. Hahn, H. T.; Sohl, M . ;  and Moon, S.: Compression Failure 
Mechanisms of Composite Structures. NASA CR-3988, 
June 1986 (NAG1-295, Washington Unlverslty) 
29. Reddy, J. N.: A Refined Shear Deforrnatlon Theory for the 
Analysis of Laminated Plates. NASA CR-3955, January 1986 
(NAG1-459, Virginla Polytechnic Institute and State 
Universlty) 
30. Stehiin, P.; and Brogan, F. A.: Computational Reduced 
Basis Techniques In Nonilnear Structural Analysis. NASA 
CR-178096. September 1986 (NAS1-16723, Lockheed Missiles 
81 Space Company, Inc.) 
. 
31 .  
32 .  
33 .  
34 .  
35 .  
36 .  
37 .  
38 .  
39 .  
40 .  
Journal A r t l c l e s  and 
Anderson, M. S. ;  and Nlmmo, 
of  S t a t l c a l l y  Determlnate 
Other Pub l l ca t l ons  
N. A . :  Dynamlc Charac te r i s t i cs  
Space-Truss Plat forms. Journal 
- of Spacecraft - and Rockets, Volume 23,  No. 3 ,  May-June 
1986, p. 303-307 
Anderson, M. S.;  and Wil l iams, F.  W . :  Natural  V l b r a t l o n  
and Bucki lng of General Pe r lod l c  L a t t l c e  St ructures.  - A i A A  Journal, Volume 24, No. 1, January 1986, p.  163-169 
Greene, W. H. :  Mlnlmum Weight S l z lng  o f  Guyed Antenna 
Towers. Journal o f  S t ruc tura l  Eng ineer in i ,  Volume 111, 
No. 10, October 1985, p. 2121-2137 
Horne, W .  B.; Yager, T .  J . ;  and Ivey, D.  L . :  Recent 
Studles t o  Inves t iga te  E f f e c t s  o f  T l r e  Foo tp r in t  Aspect 
Ra t lo  on Dynamlc Hydroplanlng Speed. The T i r e  Pavement 
In te r face ,  ASTM STP 929, 1986, p. 26-46 
--
Horta, L. G. ;  and Juang, J-N.: l d e n t l f y i n g  Approxlmate 
Linear Models fo r  Simple Nonlinear Systems. Journal o f  
Guidance, Cont ro l ,  and Dynamics, Volume 9 ,  No. 4 ,  July-  -
August 1986, p. 385-390 
Housner, J. M.; and Beiv in ,  
Col lapse of  Slender Guyed 
Journal of Spacecraft - and 
January-February 1986, p. 
W .  K . :  Dynamic 
Booms f o r  Space 
Rockets, Volume 
88-95 
Howell, W .  E . ;  Perez, S. E . ;  and Vogler. W .  
T l r e  F o o t p r i n t  Forces. -- The T l r e  Pavement 
ASTM STP 929, 1986, p. 110-124 
Response and 
App l ica t ion .  
23,  No. 1, 
A . :  A i r c r a f t  
in te r face ,  
Juang, J-N.; Horta, L. G.;  and Robertshaw, H. H . :  A 
Slewing Control  Experiment f o r  F l e x l b l e  St ructures.  
Journal o f  Guidance, Contro l ,  - and Dynamics, Volume 9 ,  
No. 5, September-October 1986, p. 599-607 
Juang, J-N.; and Pappa, R. S. :  E f f e c t s  o f  Noise Modal 
Parameters l d e n t l f i e d  by the  Elgensystem Rea l l za t l on  
Algor l thm. Journal of Guidance, Cont ro l ,  - and Dynamics, 
Volume 9 ,  No. 3 ,  May-June 1986, p. 294-303 
Juang, J-N.; Turner, J. D . ;  and Chun, H ,  M.: Closed-Form 
So lu t ions  fo r  Feedback Control  Wlth Terminal Const ra in ts .  
Aeronautics/Space Technology the Sovlet  Unlon, 
Volume 3 ,  No. 12, December 1985, p. 86-92 
101 
41. 
42. 
43. 
44. 
45. 
46. 
47. 
48. 
49. 
Juang, J-N.; Turner, J. D.; and Chun, H. M.: Closed-Form 
Soiutlons for a Class of Optlmal Quadratlc Regulator 
Problems Wlth Termlnal Constralnts. Journal of Dynamlc 
Systems, Measurements - and Control, Volume 108,No. 1 ,  
March 1986, p. 44-48 
Knlght, N. F., Jr.: Nonllnear Structural Dynamlc Analysls 
Uslng a Modlfled Modal Method. AlAA Journal, Volume 23, 
No. 10, October 1985, p .  1594-1601 
Knlght, N. F . ,  Jr.; and Starnes, J. H., Jr.: Postbuckling 
Behavior of Axlally Compressed Graphlte-Epoxy Cyllndrlcal 
Panels Wlth Clrcular Holes. Journal of Pressure Vessel 
Technology, Volume 107, November 1985, p. 394-402 
Sawyer, J. W.: Effect of Stltchlng on the Strength of 
Bonded Composlte Slngle Lap Jolnts. AlAA Journal, 
Volume 23, No. 1 1 ,  November 1985, p. 1744-1748 
Shuart, M. J . ;  and Williams, J. G.: Compression Behavlor 
of +45-Degree-DomInated Laminates With a Circular Hole 
or Impact Damage. - AlAA Journal, Volume 24, No. 1 ,  
January 1986, p. 115-122 
Steln, M.: Nonllnear Theory for Plates and Shells Includ- 
Ing the Effects of Transverse Shearlng. AlAA Journal, 
Volume 24, No. 9, September 1986, p. 1537-1544 
Sun, C. T.; and Juang, J-N.: Modellng Global Structural 
Damplng In Trusses Uslng Simple Continuum Models. - AlAA Journal, Volume 24, No. 1 ,  January 1986, 
p. 144-150 
Thurston, G. A.; Brogan, F. A.; and Stehlln, P.: Post- 
buckllng Analysis Uslng a General-Purpose Code. AlAA 
Journal, Volume 24, No. 6, June 1986, p. 1013-1020 
Turner, J. D. ;  Chun, H .  M.; and Juang, J-N.: Closed-Form 
SOlUtlOnS for a Class of Optimal Quadratlc Tracking 
Problem. Journal of Optlmlzatlon Theory and Appllcatlon, 
Volume 47, No. 4, December 1985, p. 465-481 
102 
Meet ing  Presentat ions 
50. Anderson, M. S . ;  and Wil l iams, F .  W . :  BUNVIS-RG: An Exac t  
Buck l lng and V l b r a t i o n  Program f o r  L a t t i c e  S t ruc tures ,  
With R e p e t l t l v e  Geometry and Substructur ing Options. 
Presented a t  t he  AIAA/ASME, e t  a i . ,  27th S t ruc tures ,  
S t ruc tura l  Dynamics and Ma te r ia l s  Conference, May 19-21, 
1986, San Antonlo, Texas. A l A A  Paper No. 86-0863.-CP 
51. Be iv in ,  W .  K . ;  and Edlghoffer,  H. H. :  Dynamic Analys is  
and Experiment Methods for  a Generlc Space S t a t i o n  Model. 
Presented a t  the  AiAA/ASME, e t  a l . ,  27th Structures,  
St ructura l  Dynamlcs and Ma te r ia l s  Conference, May 19-21, 
1986, San Antonio, Texas. A l A A  Paper No. 86-0838-CP 
52. B o i t n o t t ,  R .  L.; and Carden, H. D. :  Drop Test ing and 
Anaiys ls  o f  Slx-Foot-Dlameter Graphlte-Epoxy Frames. 
Presented a t  the  American Hel icopter  Society na t iona l  
S p e c l a i i s t s '  Meetlng on Crashworthy Design o f  Ro to rc ra f t ,  
A p r i l  7-9, 1986, At lanta,  Georgia. i n  Proceedings 
53. Bos t ic ,  S.  W . ;  and Ful ton,  R .  E . :  implementation o f  the 
Lanczos Method f o r  S t ruc tura l  V i b r a t i o n  Analysis on a 
P a r a l l e l  Computer. Presented a t  the A i A A / A S M E ,  e t  a i . ,  
27th Structures, S t ruc tura l  Dynamics and m a t e r i a l s  
Conference, May 19-21, 1986, San Antonio, Texas. A l A A  
Paper No. 86-0930-CP 
54. Carden, H. D. :  A Review o f  Crash-Related Analyses Con- 
ducted a t  N A S A ' s  Langley Research Center. Presented a t  
the  SAE 6 t h  In te rna t iona l  Conference on Vehic le  Struc- 
t u r a l  Mechanics, A p r l l  22-25, 1986, D e t r o i t ,  Mlchlgan. 
SAE Paper No. 86-0819. I n  proceedings, p.  178-192 
55. Carden, H. D. ;  B o l t n o t t ,  R. L. ;  and Jackson, K .  E . :  
Composite Crash Dynamlcs. Presented a t  the  AFSC/WPAFB 
Eleventh Annual Mechanics o f  Composites Review, 
October 22-24, 1985, Dayton, Ohio. Abstract  i n  
Proceedings, p .  26 
56. Cooper, P .  A . ;  S u t t e r ,  T .  R . ;  Lake, M.  S . ;  and Young, 
J. W . :  M u l t i d l s c l p l i n a r y  C a p a b i l i t y  f o r  Analys is  o f  the 
Dynamlcs and Control  o f  F l e x l b i e  Space St ruc tures .  
Presented a t  the  q iAA/ASME,  e t  a i . ,  27th S t ruc tures ,  
S t r u c t u r a l  Dynamics and M a t e r i a l s  Conference, May 19-21, 
1986, San Antonlo, Texas. 41AA Paper No. 86-0961-CP 
10 3 
57. Daugherty, R .  H . ;  and Stubbs, S. M . :  The Generation o f  
T i r e  Cornering Forces i n  A i r c r a f t  Wlth a Free-Swivel ing 
Nose Gear. Presented a t  t he  SAE Aerospace Technology 
Conference & Exposi t ion,  October 14-17, 1985, Long 
Beach, C a l i f o r n i a .  SAE Paper No. 851939 
58. Davis, P .  A . ;  Stubbs, S .  M. ;  and Tanner, J.  A . :  A i r c r a f t  
Landing Dynamics F a c l i l t y ,  A Unique F a c l l l t y  Wl th  New 
C a p a b l i l t l e s .  Presented a t  the  SAE Aerospace Technology 
Conference & Exposl t lon,  October 14-17, 1985, Long 
I Beach, C a l l f o r n l a .  SAE Paper No. 851938 
59. Fasanella, E. L . ;  Wldmayer, E . ;  and Robinson, M. P . :  
S t ruc tu ra l  Analys is  o f  t he  Con t ro l l ed  Impact Demonstra- 
t l o n  o f  a Jet  Transport A l rp lane.  Presented a t  t h e  
A I A A I A S M E ,  e t  a l . ,  27th S t ruc tures ,  S t r u c t u r a l  Dynamics 
and M a t e r i a l s  Conference, May 19-21, 1986. San Antonio, 
Texas. A I A A  Paper No. 86-0939-CP 
60. Hanks, B.  R . ;  Al len ,  J. L. ,  J r . ;  and Fontana, A . :  S tatus 
I o f  t h e  M a s t  Experlment. Presented a t  t he  NASA Marshal l  
Workshop on S t r u c t u r a l  Dynamics and Contro l  o f  Large 
F l e x i b l e  S t ruc tures ,  A p r i l  22-24, 1986, H u n t s v i l l e ,  
, Alabama. Proceedings pending 
61. Hayduk, R .  J . ;  Fasanel la,  E.  L . ;  and Alfaro-Bou, E . :  NASA 
Experlments Onboard the  Con t ro l l ed  Impact Demonstration. 
Presented a t  t he  SAE 1985 Aerospace Congress and Exposl- 
t l o n ,  October 14-17, 1985, Long Beach, C a l i f o r n i a .  SAE 
Paper No. 851885 
I 62. Heard, W .  L . ,  J r . :  ACCESS (Assembly Concept f o r  Construc- 
t i o n  of Erectable Space S t ruc tu re )  - A S h u t t l e  F l i g h t  
Experlment. Presented a t  t he  IEEE 18th Annual Elec- 
t r o n l c s  and Aerospace Systems Conference (EASCON 851, 
October 28-30, 1985, Washington, DC. I n  proceedings, 
p .  157-165 I .  
63. Heard, W .  L . ,  J r . ;  and Watson, J. J . :  Resul ts  o f  t he  
ACCESS Space Construct lon S h u t t l e  F l l g h t  Experlment. 
Presented a t  t h e  A I A A  3 rd  Space Systems Technology 
Conference, June 9-12, 1986, San Dlego, C a l l f o r n l a .  
A l A A  Paper No. 86-1186-CP 
64. Heard, W .  L . ,  J r . ;  and Watson, J. J . :  ACCESS F l i g h t  
Experlment Resul ts .  Presented a t  t he  NASA Langley Space 
Construct lon Conference, August 6-7, 1986, Hampton, 
V l r g l n i a .  NASA CP pending 
104 
65. Horner, G. C . :  A c t l v e  Damping Experlments. Presented a t  
t he  NASA Marshal l  Workshop on S t ruc tu ra l  Dynamlcs and 
Contro l  o f  Large F l e x l b l e  Structures,  A p r i l  22-24, 1986, 
H u n t s v l l i e ,  Alabama. Proceedlngs pendlng 
66. Housner, J. M.; and McGowan, P.  E . :  An Ana ly t l ca l  Treat- 
m e n t  o f  D l s c r e t e i y  Varylng Const ra ln ts  and l n e r t l a l  
Proper t les  I n  Mult l-body Dynamlcs. Presented a t  the  
A iAA/ASME,  e t  a l . ,  27th Structures,  S t r u c t u r a l  Dynamlcs 
and M a t e r i a l s  Conference, May 19-21, 1986, San Antonlo, 
Texas. A l A A  Paper No. 86-0869-CP 
67. Juang, J-N.: Modal Testlng and Slewing Control  Experiment 
for F l e x l b i e  S t ruc tures .  Presented a t  t he  NASA Marshall  
Workshop on S t ruc tu ra l  Dynamlcs and Control  o f  Large 
F l e x l b i e  St ructures,  A p r i l  22-24, 1986, H u n t s v i l l e ,  
Alabama. Proceedlngs pendlng 
68. Juang, J-N.; and Horta, L. G.:  E f f e c t s  of Atmosphere on 
Slewlng Control  o f  a F l e x l b l e  S t ruc ture .  Presented a t  
the  AIAA/ASME, e t  a i . ,  27th St ructures,  S t ruc tu ra l  
Dynamlcs and M a t e r l a l s  Conference, May 19-21, 1986, 
San Antonio, Texas. A l A A  Paper No. 86-1001-CP 
69. Juang, J-N.; and Suzukl, H . :  An Eigensystem Rea l l za t l on  
Algor l thm i n  Frequency Domaln f o r  Modal Parameter 
l d e n t i f l c a t l o n .  Presented a t  t he  A l A A  Guldance, 
Navigat ion and Control  Conference, August 18-20, 1986, 
Wl l l lamsburg, V i r g i n l a .  A l A A  Paper No. 86-2048-CP 
70. Knlght,  N. F., J r . :  Computatlonal S t r u c t u r a l  Mechanics 
a t  t he  NASA Langley Research Center. Presented a t  the 
22nd Annual Meeting o f  the  Society o f  Englneerlng 
Sclence, October 7-9, 1985, U n l v e r s l t y  Park, 
Pennsylvanla. Abstract publ ished 
71. Knlght ,  N. F. ,  J r . ;  S tarnes ,  J. H . ,  J r . ;  and Waters, W .  A . :  
Postbuckl ing Behavlor of  Selected Graphlte-Epoxy 
C y l l n d r l c a l  Panels Loaded i n  A x i a l  Compresslon. 
Presented a t  the  A iAA/ASME,  e t  a i . ,  27th St ructures,  
S t r u c t u r a l  Dynamlcs and M a t e r i a l s  Conference, May 19-21, 
1986, San, Antonio, Texas. A l A A  Paper No. 86-0881-CP . 
72. McComb, H. G. ,  J r . ;  and Tanner, J. A . :  Toplcs i n  Landlng 
Gear Dynamlcs Research a t  NASA Langley. Presented a t  the 
15th Congress o f  the ln te rna t lona i  Counci l  o f  t he  Aero- 
nau t i ca l  Sciences ( I C A S ) ,  September 7-12, 1986, London, 
England. Paper No. ICAS-86-5.9.4 
105 
73. 
74. 
75. 
76. 
77. 
78. 
79. 
80. 
McComb, H. G., J r . ;  Thomson, R. G.; and Hayduk, R. J . :  
S t ruc tu ra l  Dynamlcs Research i n  a Ful l -Scale Transport 
A i r c r a f t  Crash Test. Presented a t  the  15th Congress o f  
t he  in te rna t iona l  Council o f  t he  Aeronaut ical  Sciences 
( I C A S ) ,  September 7-12, 1986, London, England. Paper 
NO. ICAS-86-4.5.1 
McGowan, P .  E . :  Considerations i n  the  Design and Deveiop- 
ment o f  a Space S t a t i o n  Scale Model. Presented a t  t he  
NASA Marshall Workshop on S t r u c t u r a l  Dynamics and Control  
o f  Large F l e x i b l e  St ructures,  A p r i l  22-24, 1986, 
H u n t s v i l l e ,  Alabama. Proceedings pending 
Nemeth, M. P . :  Buck l ing Behavior o f  Compression-Loaded 
Symmetrlcaiiy-Laminated Angie-Ply P la tes  With Holes. 
Presented a t  the  AIAA/ASME,  e t  a i . ,  27th St ructures,  
S t ruc tu ra l  Dynamlcs and Ma te r ia l s  Conference, May 19-21, 
1986, San Antonio, Texas. A i A A  Paper No. 86-0922-CP 
Noor, A .  K . ;  and S t o r a a s i i ,  0. 0 . :  Nonlinear F i n i t e  
Element Dynamic Anaiysls on Mul t iprocessor  Computers. 
Presented a t  the  l n te rna t l ona i  Assoclat lon f o r  
Computatlonal Mechanics F i r s t  World Congress on 
Computational Mechanlcs, September 22-26, 1986, Aust in ,  
Texas. Abstract  I n  proceedings, Volume 1 
Pinson, L. D . :  Test ing o f  Space St ruc tures .  ?resented a t  
t he  National Academy o f  Sciences/Natlonal Academy o f  
Engineering Tenth U.S. Nat ional  Congress o f  Appl ied 
Mechanics, June 16-20, 1986, Aust in,  Texas. Abstract  
SF3. Abstract  publ ished i n  proceedings 
Ransom, J. B . ;  and Fui ton,  R .  E . :  Concurrent impiementa- 
t l o n  o f  the  Crank-Nlcoison Method f o r  Heat-Transfer 
Analysis.  Presented a t  the  Second S l A M  Conference on 
P a r a l l e l  Processing f o r  S c i e n t i f i c  Computing, 
November 18-21, 1985, Nor fo lk ,  V l r g l n i a .  
Shuart,  M. J . :  Short-Wavelength Buck l lng and Shear 
Fa i l u res  f o r  Compression-Loaded M u i t i - D i r e c t i o n a l  
Composite Laminates. Presented a t  the  Nat ional  Academy 
of  Sciences/Nationai Academy o f  Engineering Tenth U.S .  
Nat ional  Congress o f  Appl ied Mechanics, June 16-20, 1986, 
Aust in ,  Texas. Abstract  R5. Abst ract  pubi lshed i n  
proceed I ngs 
Ste in ,  M.: V i b r a t i o n  o f  Beams and P l a t e  S t r i p s  Wlth Three- 
Dimensional F l e x i b i l i t y .  Presented a t  the  Nat lonai  
Academy o f  Sclences/Natlonai Academy o f  Engineering 
Tenth U . S .  Nat ional  Congress o f  Appl ied Mechanics, 
June 16-20, 1986, Aust ln,  Texas. Abst ract  T813. 
Abstract  publ ished i n  proceedings 
. 
106 
81. S te ln ,  M. ;  and Balns, N. J. C . :  Postbuckl lng Behavior o f  
L o n g l t u d l n a l l y  Compressed Or tho t rop lc  P la tes  Wlth Three- 
Dlmenslonal F l e x l b l l l t y .  Presented a t  the  AIAA/ASME, e t  
a l . ,  27th St ructures,  S t ruc tu ra l  Dynamics and M a t e r i a l s  
Conference, May 19-21, 1986, San Antonio, Texas. A l A A  
Paper No. 86-0976 
82. S t o r a a s l l ,  0. 0.; and Bergan, P.  G . :  A Nonllnear Substruc- 
t u r l n g  Method fo r  Concurrent Processlng Computers. 
Presented a t  the  A I A A I A S M E ,  e t  a l . ,  27th St ructures,  
S t r u c t u r a l  Dynamics and M a t e r l a l s  Conference, May 19-21, 
1986, San Antonlo, Texas. A l A A  Paper No. 86-0852-CP 
83. S t o r a a s l l ,  0. 0.; and Bergan, P.  G. :  Nonlinear S t ruc tu ra l  
Analys ls  on an Englneerlng Workstat ion. Presented a t  the 
Commlttee on E lec t ron l c  Computatlon S t r u c t u r a l  D l v l s l o n  
N l n t h  Conference on E lec t ron l c  Computatlon, February 24- 
26, 1986, Birmingham, Alabama. I n  Proceedlngs, 
P. 394-405 
84. Tanner, J. A . ;  and Yager, T .  J . :  (subJect s e n s l t l v e ;  t i t l e  
oml t ted  on purpose). Presented a t  the  F i r s t  Nat lonal  
Aero-Space Plane Technology Symposlum, May 20-22, 1986, 
Hampton, V l r g l n l a .  Paper No. 114, I n  NASA CP-1006 
85. Yager, T .  J . :  Resul ts from Recent Studies t o  Be t te r  
Def lne Ground Vehlc le  T l r e  Hydrop!aning lncept lon  Speed. 
Presented a t  t he  Clemson U n l v e r s l t y  T l r e  Technology 
Conference, October 30-31, 1985, Greenv l l le ,  South 
Caro l ina.  I n  Proceedlngs, October 1985 
Technical Talks 
86. Alfaro-Bou, E.: The Development and Test ing o f  an Energy 
Absorblng Passenger Seat f o r  a Transport A l r c r a f t .  
Presented a t  t he  1986 Government Agency A l r c r a f t  Seating 
Systems Meetlng, May 6-7, 1986, Wrlght-Patterson AFB, 
Ohlo 
87. Bos t lc ,  S. W . ;  Ransom, J. B . ;  and Crocket t ,  T .  W . :  
A r c h l t e c t u r a l  Conslderatlon I n  Program Deslgn: A Com- 
par ison  of Two MlMD Computers. Presented a t  the  Second 
S l A M  Conference on P a r a l l e l  Processlng f o r  S c l e n t l f l c  
Computlng, November 18-21, 1985, Nor fo lk ,  V l r g l n l a  
88. Card, M. F . :  Current NASA Research I n  A l r c r a f t  S t ruc tures .  
Presented a t  I s rae l  A l r c r a f t  Indus t r les ,  February 17, 
1986, Lod, I s rae l  
107 
, 
89. 
90. 
91. 
92. 
93. 
94. 
95. 
96. 
97. 
98. 
Card, M. F.: Construction and Contro 
Structures. Presented at the lsrae 
and Astronautics 28th Israel Annual 
Aviation and Astronautics, February 
Tei Aviv, Israel. Proceedings pend 
of Large Space 
Society of Aviation 
Conference on 
19-20, 1986, 
ng 
Card, M. F . :  Current NASA Research in Aircraft Structures. 
Presented at the Technion-Israel institute of Technology, 
February 21, 1986, Haifa, Israel 
Davis, P. A.: Aircraft Landing Dynamics Facility Overview. 
Presented at the NASA Langley Workshop on Aircraft Tire 
Testing Requirements, May 7, 1986, Hampton, Virginia 
Juang, J-N.; and Horta, L. G.: A Linear Optimization 
Approach for Structure and Control Design. Presented 
at the 24th IEEE Conference on Decision and Control, 
December 11-13, 1985, Fort Lauderdale, Florida 
Juang, J-N.: Studies of Parameter identification and 
Control of Large Flexible Structures. Presented at the 
Metropolitan Science and Technology University, June 4, 
1986, Tokyo, Japan 
Juang, J-N.; and Taylor, L. W.: Control Experiment 
Progress of Large Space Structures. Presented at the 
iEEE/American Automatic Control Conference Fourth IFAC 
Symposium on Control of Distributed Parameter Systems, 
June 30-July 2, 1986, Los Angeles, California 
Kennedy, J. M.; Goree, J.  G.; and Fichter, W. B.: Opening 
of an interface Flaw In a Layered Elastic Haif-Plane 
Under Compression Loading. Presented at the 23rd Annual 
Technical Meeting of the Society of Engineering Science, 
August 25-27, 1986, Buffalo, New York 
McComb, H. G., Jr.: Research in the Structures and 
Dynamics Division at NASA Langley Research Center. 
Presented at the Royal Aircraft Establishment, 
September 3, 1986, Farnborough, England 
McComb, H. G., Jr.: Research in the Structures and 
Dynamics Division at NASA Langley Research Center. 
Prekented at the Imperial College, September 15, 1986, 
London, England 
Mikulas, M .  M . ,  Jr.: Research Program on Large Space 
Structures. Presented at the NASA Langley Space 
Construction Conference, August 6-7, 1986, Hampton, 
Virglnia 
10 8 
99. 
100. 
101. 
102. 
103. 
104. 
105. 
106. 
t 
107. 
Noor, A. K . ;  Tanner, J .  A.; and Andersen, C. M.: Advances 
in Contact Aigorlthms and Their Applications to Tires. 
Presented at the Tire Society Flfth Annual Meetlng and 
Conference on Tire Sclence and Technology, March 25-26, 
1986, Akron, Ohio 
Plnson, L. D.: NASA Research in Structural Dynamics. 
Presented at the Shock & Vlbratlon Information Center 
56th Shock and Vibratlon Symposium, October 22-24, 1985, 
Monterey, California 
Steln, M . :  Stability of Thick Plates In in-Plane Compres- 
sion and Shear. Presented at the Structural Stability 
Research Councll 1986 Technical Sesslon and Meetlng, 
April 15-16, 1986, Washlngton, D.C. 
Thurston, G. A.: On the Connexion Between Ad Hoc and 
Flnlte Element Solutions for Plate Stability. Presented 
at the Structural Stability Research Councli 1986 
Technical Sesslon and Meeting, April 15-16, 1986, 
Washlngton, D.C. 
Yager, T. J.: Status Report on Joint FAA/NASA Aircraft and 
Ground Vehlcle Runway Friction Program. Presented at the 
SAE Ad Hoc Commlttee on Take-Off Performance Monltorlng, 
October 1-2, 1985, Wliilamsburg, Vlrginla 
Yager, T. J . :  Overvlew o f  NASA Langley Aircraft Tire Test 
Plans Uslng Alrcraft Landlng Dynamics Faclllty. 
Presented at the NASA Langley Workshop on Aircraft Tire 
Testing Requlrements, May 7, 1986, Hampton, Vlrginla 
Yager, T. J.; and Dalutolo, H.: Recent Winter Runway 
Friction Test Flndings from Joint FAA/NASA Program. 
Presented at the Northeast Chapter of the American 
Assoclation of Airport Executives Twentleth Annual 
International Aviation Snow Symposium, April 28-May 1 ,  
1986, Allentown, Pennsylvania 
Yager, T. J.; Fowler, R.; and Dalutoio, H.: FAA/NASA 
Runway Operational Experlments on ice and Snow. 
Presented at the Transportation Research Board 65th 
Annual Meetlng, January 13-17, 1986, Washlngton, D.C. 
Computer Programs 
Lotts, C. G. (PRC Kentron, Inc.), Stanley, G. M.; and 
Felippa, C. A. (Lockheed Missiles and Space Company, 
Inc.), and Giiilan, R. E. (NASA Langley Research Center): 
NICE/SPAR. NASA Tech Brief LAR-13644 
109 
Tech B r l e f s  
108. 
109. 
110. 
111. 
112.  
113. 
Bluck, R .  M . ;  and Johnson, R. R .  (Lockheed M l s s l l e s  and 
Space Company, I nc . ) ;  and Bush, H. G. (Langley Research 
Center) :  Seamless M e t a l  Clad Organlc Matr lx-Graphi te  
F iber  Composltes Tubes. NASA Tech B r i e f  LAR-13562 
Bush, H. G.; and Mlkulas,  M. M. (Langley Research Center) ;  
and W a l i s o m ,  R .  E .  (PRC Kentron, I n c . ) :  Mechanical End 
J o l n t  f o r  S t ruc tu ra l  Column Element. NASA Tech B r i e f  
LAR-13584 
Nemeth, M. P . :  BUCKO--A Buck l ing Analys is  for  Rectangular 
Or tho t rop lc  P l a t e s  With C e n t r a l l y  Located Cutouts. 
NASA Tech B r i e f  LAR-13466 
Patents 
Mlkulas,  M. M., J r . :  Sequent la l l y  Deployable Maneuverable 
Tetrahedral Beam. U.S. Patent 4,557,097. Issued 
December 12, 1985 
Bush, H. G. ;  Mikuias,  M. M.,  J r . ;  and Wallsom, R .  E . :  
Synchronously Deployable Truss S t ruc tu re .  U.S.  Patent 
4,578,920. Issued A p r l l  1, 1986 
Mlkulas,  M. M. ,  J r . ;  and Rhodes, M.  D . :  Deployable M- 
Braced Truss St ruc ture .  U.S. Patent 4,604,844. Issued 
August 12, 1986 
110 
1. Report No. 
4. Title and Subtitle 
2. Gouunllmnt Acanion No. 
NASA TM-89141 
Structures and Dynamics Division 
Research and Technology Plans for FY 1987 and 
Accomplishments for FY 1986 
7. Author(r1 
Kay S. Bales 
9. Performing Organization Name a d  Addrro, 
NASA Langley Research Center 
Hampton, VA 23665-5225 
3. Rwirhnt's cimbg No. 
5. Report Date 
6. Pdorming Orpniration Coda 
March 1987 
8. Performing Orpniration Report No. 
10. Work Unit No. 
505-63-11-07 
11. Contract or Grant No. 
12. Sponsoring Agency Name and Addrnr 
13. Typo of Rapott and Period Cowrod 
Technical Memorandum 
National Aeronautics and Space Administration 
Washington, DC 20546-0001 
16. Abstract 
14. Sponsoring -cy codr 
This paper presents the Objectives, FY 1987 Plans, Approach, and FY 1987 
Milestones for the Structures and Dynamics Division's research programs. 
FY 1986 Accomplishments are presented where applicable. This information 
is useful in program coordination with other governmental organizations 
in areas of mutual interest. 
19. Security Clasrif. (of this report) 20. S r w i t y  Qlclif. (of this plol) 
Unclassified Unclassified 
17. Kay Words (Suggested by Author($) ) 
Objective, Plans, Approach, 
Milestones, Accomplishments 
21. No. of Pages 22. Rice 
114 A06 
18. Distribution Statement 
Unclasified - Unlimited 
Subject Category 39 
